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An overview is presented of a pilot psychoendocrine study of PTSD inpatients in
comparison with several subgroups of schizophrenic and affective disorder patients.
Using a hormonal profile including cortisol, norepinephrine, epinephrine, testo-
sterone, and thyroxine, it was found that the mean values for the PTSD group were at
or near the extreme end of the range for every hormone measured, i.¢., relatively low
for cortisol and high for the remaining hormones. The possible clinical meaning of
these findings is considered in the light of prior psychoendocrine research on chronic
stress. The hormonal alterations in PTSD appear to be persistent and suggest the
possibility of being linked largely to traits or character structure, perhaps particularly
to cognitive variables related to defense and coping mechanisms. as reviewed in detail
for each hormonal system. There appears to be a potential for a fruitful union between
the traumatic stress and psychoendocrine fields and some future strategies for develop-
ing and strengthening such a union are suggested.

In reviewing the literature on post-traumatic stress disorder (PTSD) several
years ago, we found extremely few biological studies in this field, even though
there was a substantial and growing body of publications concerned with
clinical and psychosocial aspects of this illness. It was evident that researchin
this field was still at a very early stage and many basic questions concerning
the nature, pathogenesis, diagnosis, and clinical management of PTSD
remained to be investigated in a more systematic and rigorous way (Green,
Lindy, & Grace, 1985; Laufer, Brett, & Gallops, 1985). Since the precipitating
factor in this disorder is clearly defined as exposure to a severely stressful life
experience, it seemed to us particularly logical that research strategies from
the field of psychoendocrinology, which has developed historically and con-
ceptually in the context of stress theory, might be especially useful in con-
tributing to further understanding of PTSD.
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A number of guiding principles have emerged from basic psychoendocrine
research during the past 30 years which indicate how hormone levels may be
helpful in the study of psychological and social aspects of stress. Some
examples of these principles are: (a) many hormonal systems are keenly
sensitive to both acute and chronic social and psychological influences; (b) the
socialenvironment can exert a “tonicity” effect upon basal hormonal levels in
a continuing background fashion: (c) hormonal levels can undergo phasic
adaptations in relation to prolonged, severe stress exposure; (d) hormonal
levels are related not only to emotional or state changes, but also to trait and
cognitive variables, including the style, organization, and effectiveness of
defensive and coping mechanisms; (e) there is a bidirectional relationship
between the brain and hormones, the latter being capable of reflecting as well
as modulating psychological mechanisms; and (f) different hormones are
linked in a specific way with different and distinctive sets of psychological
dimensions (Mason, 1968a, 1975a). Such principles suggest a variety of ways
that psychoendocrine approaches might be applicable to the objective and
systematic investigation of some of the key conceptual and clinical issues
needing resolution in the traumatic stress field. Yet, except for the work of
Baum and his colleagues (Schaeffer & Baum, 1984), there appeared so far to
be very little awareness of the possible benefits of linking these two fields.

It should be emphasized that psychoendocrinology has not developed
historically and conceptually as a primarily biological field, but rather as one
with the purpose of complementing psychosocial approaches by providing
concepts and experimental methods to assist in the extremely difficult task of
investigating psychological mechanisms in relation to stress and the social
environment (Mason, 1975b). It was from this perspective that we began
several years ago to broaden an ongoing exploratory survey of multiple
hormonal systems in schizophrenia and affective disorders to include a pilot

- sample of patients with PTSD. Because of our concern that the several stages
of illness through which psychiatric patients move as they recompensate may
have distinctive biological correlates (Sachar, Mason, Kolmer, & Artiss, 1963;
Docherty, van Kammen, Siris, & Marder, 1978), the design of our study was
longitudinal.

Both hormonal and clinical evaluation of male Veterans Administration
(VA)inpatients began soon after hospital admission and continued at 2-week
intervals thereafter until discharge. The following diagnostic subgroups were
included: PTSD (n = 9); major depressive disorder, endogenous depression
(n=8); bipolar I disorder, manic (n=8); paranoid schizophrenia (7= 9); and
undifferentiated schizophrenia (n= 7). In order to measure a broad profile of
stress-responsive hormones (Mason, 1968a), we collected 24-hour urine sam-
ples for measurement of cortisol, norepinephrine, and epinephrine along with
9 a.m. serum samples for measurement of testosterone, free thyroxine, and
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total thyroxine. At the time of each biological sampling, clinical state was
assessed with the Brief Psychiatric Rating Scale (BPRS) (Overall & Gorham,
1962). The diagnosis of PTSD was made using DSM III-R criteria (Ameri-
can Psychiatric Association, 1988) and Research Diagnostic Criteria (RDC)
were used for the other diagnoses (Spitzer, Endicott, & Robins, 1978), on the
basis of information obtained with the Schedule for A ffective Disorders and
Schizophrenia (SADS) interview (Endicott & Spitzer, 1978). The number of
sample collections averaged four per patient. Measures were taken to mini-
mize the role of such potential confounding variables as medications and
physical activity. All hormonal determinations were done by radioimmuno-
assay, except for the catecholamines which were measured by radioenzy-
matic assay, as reported in the papers to be reviewed.

The purposes of this paper are to present an overview of the main findings
reported so far from this initial exploratory psychoendocrine survey of
PTSD, to discuss the clinical implications of the findings in the light of prior
basic psychoendocrine research on stress, and to suggest some promising
lines for future psychoendocrine research on PTSD based upon our prelimi-
nary findings.

The Hormonal Profile in PTSD

Figure | presents a comparison of the profile of mean hormonal values
during hospitalization in PTSD versus the other four diagnostic subgroups
with major psychiatric disorders. Note the striking tendency for the PTSD
group, depicted by the solid square symbols, to have extreme values for
every hormone measured, being at or near the high extreme for norepineph-
rine, epinephrine, testosterone, free thyroxine, and tota] thyroxine, while at
the low extreme for cortisol.

There are a number of interesting and provocative features in the organi-
zation of this profile:

I. Tt indicates that PTSD is associated with a rather intense degree of
sustained regulatory adaptation in a broad range of major hormonal sys-
tems, equaling or exceeding that associated with the severe psychopathology
of major affective disorders and schizophrenia. '

2. There are some unusual features in the interhormonal relationships,
especially in view of its categorization as a stress-related syndrome. While
elevations in norepinephrine and epinephrine levels are widely seen in
response to acute stressful experiences, they are characteristically associated
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Figure |. Comparison of the mean hormonal profile in PTSD with other diagnostic groups.

chronicstress factors in PTSD and the role of the distinctive set of psychologi-
cal mechanisms linked to each of the hormones will be discussed later.

3. Some common features are shared between PTSD and two of the other
diagnostic groups. The paranoid schizophrenic and PTSD groups have an
almost identical subpattern of low cortisol and high testosterone levels, while
the PTSD and bipolar manic groups share in a second subpattern of elevated
norepinephrine, epinephrine, and thyroxine levels. Among other things, these
subpatterns appear to provide an opportunity to gain insight into the clinical
meaning of the hormonal profile in PTSD through a search for common
psychological and symptom dimensions which PTSD shares selectively with
these two other psychiatric disorders. '

4. Itis also particularly interesting that for virtually all the hormones, the
PTSD group differs markedly from the major depressive disorder group, even
though depressive symptoms are a prominent clinical feature of PTSD. and
over half of our PTSD patients also met RDC criteria for major depressive
disorder. This finding suggests some significant qualitative differences in the
depressive syndromes associated with these two disorders.

5. While no single hormone provides a very powerful discrimination
between PTSD and all the other diagnostic groups, increasingly more power-
ful differential diagnoses are provided as one moves from conventional uni-
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variate analysis of each hormone separately to bivariate and multivariate
analyses of the overall hormonal profile. We have reported, for example, that
classification accuracy in the differential diagnosis of PTSD versus major
depressive disorder moves from a maximum of about 609 with any single
hormone, to 78% with the use of two hormones (the norepinephrine/ cortisol
ratio) (Mason, Giller, Kosten, & Harkness, 1988), t0 95% when three or more
hormones are used in stepwise discriminant analysis or multidimensional
scaling procedures (Mason, Giller, Kosten, & Wahby, 1990). The purpose of
the present paper, however, is not to focus on the diagnostic potential of this
multidimensional psychoendocrine approach, but rather to consider the pos-
sible implications of our hormonal profile findings with regard to psycho-
social and symptom factors in PTSD. Before proceeding with the clinical
interpretation of our findings with each of the individual hormonal systems,
however, we should move beyond the mean hormonl data shown in Figure |
to summarize some longitudinal aspects of our data.

Hormonal Correlates of Clinical Change in PTSD

Figure 2 compares the total symptom levels (BPRS sum scores) and their
change as clinical improvement occurs during hospitalization in all the diag-
nostic subgroups. Note that, although there are no significant differences in
severity of illness as judged by total symptom scores at any point in time
among the groups, the PTSD group shows the least symptomatic improve-
ment with hospitalization (Mason, Giller, Kosten, & Yehuda, 1990).

A similar picture of constricted range of fluctuation in the PTSD group is
evident in the changes over time in the various hormonal systems, as summar-
ized in Figure 3 which compares the mean percentage changes (admission to
discharge) in each group for all six hormones, as well as the total BPRS
symptom score. In general, the PTSD and paranoid schizophrenic groups
again share a common feature, in this case showing the most constricted range
of hormonal fluctuations over time. Except for a tendency for thyroxine levels
todecline inthe PTSD group, all the other hormones remain relatively fixed,
with perhaps a modest increase in testosterone and norepinephrine with
symptomatic improvement.

Because of this rather constricted range of hormonal and clinical variation,
this pilot inpatient sample permitted limited opportunity to study possible
correlations between specific hormonal changes and specific symptom or
psychological changes over time. Future studies should obtain similar meas-
urements in outpatients and inpatients not simply at regular intervals, but also
at points in their clinical courses where acute severe symptoms are being
experienced in order to compare the hormonal levels at such points with those
after clinical improvement. This approach would help maximize the oppor-
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Figure 2. Change in BPRS sum score during hospitalization in PTSD inpatients in compari-
son with other diagnostic groups.
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Figure 3. Comparison of hormonal changes (% change from admission to discharge sample)
following clinical improvement between PTSD and other diagnostic groups.
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tunity to discover the correlations between levels of the various individual
hormones and the clinical and psychological measurements and to enlarge the
core knowledge of such relationships which is essential for elucidating the
clinical meaning of psychoendocrine findings.

Clinical Implications of the Hormonal Profile in PTSD

Cortisol

The relatively low mean 24-hour urinary free-cortisol level in the PTSD
patients (Mason, Giller, Kosten, Ostroff, & Podd, 1986; Yehuda et al., in
press) certainly represents our most unexpected and puzzling finding, since
this hormone has been so often reported to be elevated in relation to stress,
anxiety, and depression, which are prominent features in PTSD. It is widely
recognized that the hypothalamic-pituitary-adrenal cortical system is very
responsive to psychosocial stimuli and represents a sensitive indicator of
arousal at a rather undifferentiated level, in contrast to being linked to a single
specific affect (Mason, 1975a). Terms such as distress, involvement, or arousal
have been used to describe the excitatory state believed to be associated with
cortisol release, although the precise psychological parameter or set of
parameters remain to be conclusively identified. A somewhat neglected fact of
adrenal stress physiology, however, is that under certain conditions of chronic
psychological stress, cortisol levels become persistently and substantially
lowered, apparently due to the adaptive operation of central suppressive
mechanisms, as opposed to glandular exhaustion.

We have recently summarized a series of such observations in both mon-
keys and normal human subjects, including combat soldiers in Vietnam,
demonstrating this phenomenon, which appears most likely to represent a
secondary overcompensatory lowering of cortisol levels in chronic stress
(Mason, Giller, Kosten, & Yehuda, 1990). Figure 4 presents an example from
some longitudinal experiments in Rhesus monkeys with a repeated condi-
tioned avoidance procedure simulating some aspects of military stress situa-
tions. This experiment reveals the progressive general lowering of cortisol
levels in a monkey over a 6-week period to about 60% below the prestress
baseline value and the persistence of this effect for the remainder of a 65-week
study period involving weekly repetitions of 72-hour avoidance sessions. Note
also the great constriction of the range of cortisol fluctuations between the
baseline and avoidance periods from the 6th week on. The main evidence
supporting the view that this lowering of cortisol is on the basis of active
suppression rather than exhaustion is that, under such chronic stress condi-
tions, the superimposed administration of ACTH or of a different and more
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Figured. Lowering of urinary corticosteroid levels in a monkey during prolonged exposure to
weekly 72-hour avoidance sessions.

intense emotional stimulus will produce a very substantial cortisol elevation
against such a low cortisol baseline (Mason, Giller, K osten, & Yehuda, 1990).

Unexpectedly low cortisol levels were also observed in two different groups
of combat soldiers in Vietnam, as compared to a group of soldiers in training
at Ft. Dix, N.J. (Rose, et al.. 1969; Bourne, Rose, & Mason, 1967, 1968). Of
particular interest was a longitudinal study of a green beret “A™ team which
revealed lower cortisol levels in enlisted men on the day of a threatened attack
by a large Viet Cong force, apparently in connection with the intensified use of
certain coping mechanisms and defenses enabling them to avoid active in-
volvement in the developing situation (Bourne et al., 1968; Mason, Giller,
Kosten, & Yehuda, 1990). More conclusive evidence of the suppressive influ-
ence of coping mechanisms and psychological defenses upon cortisol levels
emerged from a predictive study of the parents of leukemic children. In this
study a strong correlation was observed between cortisol levels and the style
and effectiveness of psychological defenses in both fathers and mothers during
the progression of the fatal illness of their child (Wolff, Friedman, Hofer, &
Mason, 1964). The use of the psychological defense of denial was particularly
likely to be associated with low mean basal cortisol levels in this study of
chronic stress in normal human subjects (Friedman, Mason, & Hamburg,



1830 MASONETAL.

1963). Finally, an early longitudinal psychoendocrine study of young soldiers
with acute schizophrenic reactions also suggested that the projective and
delusional mechanisms which are a prominent feature in paranoid schizoph-
renics may be associated with relatively low and stable cortisol levels (Sachar
et al., 1963).

It appears important, therefore, that we conceptualize the cortisol system as
one that reflects not simply stress arousal mechanisms, but rather the dynamic
balance between opposing arousal and anti-arousal psychological mecha-
nisms. This perspective presents an interesting challenge, then, to identify the
balance of such mechanisms operating in PTSD, particularly those coping or
defensive mechanisms that may be linked to the persistently low cortisol levels
in our PTSD group. One possibility, for example, is that the mechanisms
underlying the avoidance criteria for PTSD in DSM-III-R, such as the
numbing or restricted range of affect, the feelings of detachment or estrange-
ment from others, the avoidance of situations and stimuli reminiscent of the
traumatic exposure (American Psychiatric Association, 1988), or the primi-
tive defenses in PTSD impressive to some observers (DeFazio, 1978) may bear
aclose relationship to the denial mechanisms previously found to be linked to
low cortisol levels in the parents of leukemic children (Friedman et al., 1963;
Wolff et al., 1964).

Another possibility, in view of some of the close similarities in hormonal
organization between the paranoid schizophrenic and PTSD groups in our
pilot study, is that the low cortisol levels in PTSD may be linked to what might
be called the “paranoid adaptations” reflected by such features as mistrust,
hypervigilance, hostility, cynicism, or even nihilism, which are commonly
observed in Vietnam combat veterans with PTSD (Hendin, 1984; Glover,
1984). Since different PTSD patients show such paranoid features to varying
degrees, an opportunity is provided in future studies to search for correlations
between cortisol levels and measurements of paranoid behavior. Our pilot
experience indicated that this will require relatively sophisticated clinical
methodology, since simple ratings of overt behavior can be quite misleading
with paranoid symptoms and should at the least be accompanied by ratings
involving inference and the global clinical judgment of an experienced
observer. The observation that some persons prone to PTSD are compul-
sively “good™ and extremely conscientious (Smith, 1985), along with the need
for the soldier to find an idealized and acceptable way of restructuring his
character into a combat personality (Brende, 1983), might well help explain
the frequent recourse to the paranoid stance in Vietnam veterans with PTSD,
especially in view of the widespread condemnation of the Vietnam conflict.
One other interesting possibility relates to the characterological features
observed in PTSD which bear a notable similarity to those typically seen in
borderline patients, such as self-defeating, risk-taking behavior, shifting ideal-
ization and devaluation in interpersonal relationships, outbursts of uncon-
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trollable anger, identity diffusion and feelings of meaninglessness, affective
instability, and abandonment depression (Brende, 1983). We are not aware of
any psychoendocrine studies in borderline patients as yet, but because of some
anecdotal evidence in our pilot study suggesting that they may also have
relatively low cortisol levels, this may be a good comparison group to include
in future explorations of the psychological mechanisms linked to the low
cortisol levels in PTSD.

Finally, it should be mentioned that, while the mean cortisol level of 33
ug/day in our PTSD group is at the low extreme of our group mean values,
some individual PTSD patients showed higher values ranging up to 70 ug/day
on certain days, particularly in the hospital admission period. Using admis-
sion and discharge sample days only on each patient, we found a strong
positive correlation between cortisol and the activation factor (excitement
plus tension) ofthe BPRS (Mason, Giller, Kosten, & Yehuda, 1990). While we
have a preliminary impression that increased intrusive symptoms may have
been linked to the higher cortisol values, further investigation is clearly needed
in order to determine the nature of the acute disturbances associated with
cortisol increase in PTSD patients.

Norepinephrine

The relatively high mean 24-hour urinary norepinephrine (NE) level of 76
ug/day observed in our PTSD group (Kosten, Mason, Giller, Ostroff, &
Harkness, 1987) was not unexpected in view of previous reports of increased
sympathetic nervous system activity in psychophysiological studies of this
disorder (Blanchard, Kolb, Palimeyer, & Gerardi, 1982: Brende, 1982; Mal-
loy, Fairbank, & Keane, 1983). Less is known of the psychological mecha-
nisms linked to the NE system than is known for the cortisol system, but basic
psychoendocrine research has produced some interesting leads to pursue. The
study of conditioned emotional stress procedures in the monkey indicated
that NE elevations occurred in a wide range of conditions involving the threat
or anticipation of an aversive stimulus and the need for alertness and appro-
priate coping behavior (Mason, Mangan, Brady, Conrad, & Rioch, 1961;
Mason, Brady, & Tolson, 1966). Early human stress studies yielded some
indirect evidence of an apparent relationship between anger and high NE
levels (Ax, 1953) and a hypothesis that NE might be selectively related to
“anger-out” (aggressive, hostile, active display) and epinephrine (E) to “anger-
in” (self-critical, fearful, passive display) in a characterological way (Funken-
stein, 1956). Although the latter formulation has been the basis of some
controversy, it more recently has received some support from several lines of
investigation. In an exploratory survey of male psychiatric patients, Kadish
found a strong tendency for high urinary NE levels and NE/E ratios to be
related to preoccupation with angry feelings or fantasies, especially those
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associated with feeling cheated or unappreciated
Giller, 1983). In studies of psychopathy, it has been found that maximum
security prisoners who exhibited a high degree of assaultiveness. aggressive-
ness, and violent behavior maintained an unusually high NE/E ratio when
retested over periods ranging up to 25 months (Woodman, 1979a). On the
other hand, studies have shown the urinary NE/E ratio to be relatively low in
suicidal patients, in whom one might postulate anger to be largely directed
“inwardly” (Ostroff et al., 1982). One of the special methodological problems
in testing the direction of anger hypothesis for norepinephrine lies in the
extraordinary difficulty of making a reliable assessment of subjective anger in
its many disguised or covert forms. Ekkers (1975) has noted that, in early work
on aggression and norepinephrine, it was only in those studies using the
projective thematic apperception test (TAT), as opposed to ratings, that
significant and interpretable results were obtained. This appears to be one of
many examples indicating the need in the psychoendocrine and stress fields
for finding a sensible methodological balance between the reliability of objec-
tive and quantitative rating procedures versus the validity of integrative
evaluations of interacting psychodynamic factors, as assessed by projective
tests or by the global clinical evaluation of experienced clinical observers.
More recent work on the psychological correlates of norepinephrine secre-
tion has been conducted by Frankenhaeuser and her coworkers, who favor the
view that such factors as involvement in self-paced, attention-demanding
work or feelings of alertness and action proneness may be of principal impor-
tance in the elevation of NE levels (Frankenhaeuser & Rissler, 1970; Lundberg
& Frankenhaeuser, 1980). A possibly related suggestion emerging from
studies of military aircraft pilots in training is that higher NE levels are
associated with acquisition of competence and control (Krahenbuhl et al.,
1980). Clearly there is a need for further systematic and resourceful investiga-
tion directed toward identifying more fully the specific psychological corre-
lates of norepinephrine elevations, particularly on a chronic or trait basis.
With regard to interpreting the meaning of our findings in PTSD, several of
the above leads appear to be potentially applicable and worthy of further
exploration. However, consideration should perhaps first be given to the
possible confounding factor of muscular exertion, especially since the PTSD
and bipolar manic (BP) groups share some common elements of hyperactivity
as well as NE elevations. As reported previously, the magnitude of the 24-
hour urinary NE elevations seen in both the PTSD and BP groups greatly
exceeds that observed in normal human subjects involved in sustained heavy
muscular work (Kosten et al., 1987). Furthermore, the consensus of our
clinical observers was that the increased activity of our PTSD patients
involved not so much heavy muscular exertion as seeking ways of keeping
occupied and mentally busy. The latter may well fit with the above formula-
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epinephrine leve] of 22.7 ug/day in our PTSD group (Kosten et al., 1987) as
simply representing-a second part of a unitary “catecholamine” adjustment
together with norepinephrine. However, although epinephrine (E) and nore-

especially increased in situations involving elements of uncertainty, ambig-
uity, and perhaps uncontrollability (Mason et al., 1961). This finding
appeared to fit with the idea of a rather specific link between E and fear or
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found for linking trait anxiety to high E levels in human studies using the
projective TAT test (Ekkers, 1975). More recent work has raised questions
about a unitary fear or anxiety hypothesis for E and has indicated, for
example, that positive affective or motivational elements such as interest,
effort, or joyful excitement may be reflected in elevated E levels (Franken-
haeuser & Lundberg, 1985). The trait of achievement orientation has also
been suggested as a particularly relevant determinant of E levels under stress
conditions in men (Rauste-von Wright, von Wright, & Frankenhaeuser,
1981).

The Funkenstein hypothesis of “anger-in" as a correlate of elevated E levels
has received less attention that the “anger-out” hypothesis for NE regulation,
but some subsequent findings appear to lend support for pursuing this con-
cept further. In a study of adolescent boys, Ekkers (1975) found intrapunitive
subjects to have indications of higher E levels and lower NE levels than
aggressive subjects. As mentioned earlier, elevated E levels and a low NE /E
ratio have been reported as correlates of suicidality in psychiatric patients
(Ostroff et al., 1982). .Of the various psychological parameters mentioned
above, the relationship of E to self-blame or guilt, which some observers
believe commonly underlies the covering aggressive behavior in PTSD, may
be especially deserving of further investigation. It may also be appropriate to
look more closely in PTSD patients fora relationship between E levels and the
sense of overwhelming helplessness, uncertainty, and fear of death instilled
through the combat experience (Shaw, 1983) and which may continue as a
threatening background for present experience.

Testosterone

The mean serum testosterone level of 578 ng% in our PTSD group is
relatively high, not only in comparison with the other diagnostic subgroups of
psychiatric patients, but also in comparison with a group of normal subjects in
our laboratory (Mason, Giller, Kosten, & Wahby, 1990). As with the finding
of low cortisol levels, the finding of high testosterone levels in PTSD is
surprising, since the direction of change is the opposite of that which would
have been predicted in view of the fact that much prior stress research has
shown lowering of testosterone or androgen levels in such stressful experi-
ences as conditioned avoidance and chair restraint in the monkey, final college
examinations or hospital admission in normal young men, and basic training
and Vietnam combat duty in soldiers (Mason, Giller, & Ostroff, 1984). In
general, it has been assumed that in these situations such states as fear or
anxiety exert an inhibitory influence on testosterone levels, but observations
have been reported indicating that traits are also important. Subjects who are
classified as high in trait anxiety, hostility, and depression have significantly
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lower testosterone levels than do those rated low in these trait parameters
(Francis, 1981).

There is also evidence that certain psychosocial factors can be associated
with elevation of testosterone levels. Marked testosterone increases have been
reported, for example, in individual subjects who showed a puzzling absence
of any overt sign or subjective awareness of anger when they were exposed to
stressful experiences which might be expected to provoke a strong anger
reaction in most people, in other words, in relation to episodes probably
associated with repressed anger (Mason et al., 1984). The great methodologi-
cal problems involved in the valid assessment of anger, however, have made
the above lead difficult to pursue. Along a different line, a particularly
interesting finding in psychoendocrine studies of free-ranging male monkeys
in social colonies has been the high testosterone levels associated with victory
and the low testosterone levels associated with defeat in combat, which
adjustments may then persist over long periods of time (Rose, Bernstein, &
Gordon, 1975; Rose, 1984). A similar effect has been observed in young male
tennis players, with victors in decisive triumphs showing elevations and the
losers showing decreases in serum testosterone levels one hour after the
matches (Mazur & Lamb, 1980). The winners of competitive college wrestling
matches have also been found to show greater increases in testosterone levels
than losers (Elias, 1981). These observations suggest the possibility that
testosterone is closely linked to a “mastery-failure” axis, with successful
attempts to achieve or maintain status by one’s own efforts associated with
high testosterone levels, and defeat or failure associated with low testosterone
levels (Mason, Giller, & Kosten, 1988).

Although there is some controversy about the relationship between aggres-
sion and testosterone in the human, a number of studies involving such groups
as normal young men (Olweus, Mattson, Schalling, & Low, 1980), prison
inmates (Kreuz & Rose, 1972; Dabbs, Frady, Carr, & Beach, 1987), and
college hockey players (Scaramella & Brown, 1978) have provided strong
support for an association between aggressive and violent behavior with high
testosterone levels. Mazur (1985) has suggested, however, that the essential
parameter may not be aggressive behavior with an intent to simply inflict
injury, but rather may be dominance behavior with an intent to achieve high
status over another, since it has been observed that socially dominant but
unaggressive prisoners also have relatively high testosterone levels (Ehren-
krantz, Bliss, & Sheard, 1974). It also is important to bear in mind that the link
between testosterone and dominance appears to be bidirectional. Psycho-
social influences related, for example, to victory or defeat may raise or lower
testosterone levels, whereas high testosterone levels may, in turn, promote
assertive or mastery-oriented behavior and low testosterone levels sustain a
submissive and defeat-oriented attitude (Mazur, 1 985). In addition to aggres-



sion and dominance, high testosterone levels have been found to be related to
impulsivity, disinhibitory sensation seeking (Daitzman & Zuckerman, 1980),
and persistence (Andrew & Rogers, 1972), which may also have relevance to
the role of testosterone in PTSD.

From a clinical standpoint, the apparent link between testosterone and
paranoid mechanisms suggested by the high testosterone levels in paranoid
schizophrenics seems of special interest. Although little work has been pre-
viously reported in this area, a significant association between testosterone
and paranoid symptoms is also suggested by the onset of paranoid reactions
following androgen administration in some psychiatric patients or secondary
to certain adrenal cortical adenomata (Batt & Reiss, 1958) and in imipramine-
treated depressed men receiving methyltestosterone administration (Prange,
Wilson, Bresse, & Lipton, 1976). A positive relationship between the Suspi-
cion Scale of the Buss-Durkee Hostility Inventory and mean testosterone
levels in young men has also been reported (Monti, Brown, & Corriveau,
1977). Although paranoid features are not emphasized in the current diagnos-
tic criteria for PTSD, the mistrust, inclination to react violently to any
hostility, and other paranoid adaptations of many Vietnam combat veterans
with PTSD have been considered of special clinical significance by some
observers (Glover, 1984; Hendin, 1984). A relationship between testosterone
and paranoid mechanisms appears to be quite compatible with the “mastery-
failure” hypothesis, in that projective and delusional processes tend to mini-
mize perception of personal failure and promote illusions of mastery or
superior status, if at the cost of breaking with reality. In any event, it appears
likely that the possible relationship between high testosterone and paranoid
adaptations in PTSD deserves further examination.

Thyroxine

The relatively high mean serum levels of 1.58 ng% for free thyroxine and
9.59 ug% for total thyroxine in our PTSD patients are interesting in relation
to the clinical psychoendocrine literature dating back at least to Parry’s
classical case report in 1825 of the onset of hyperthyroidism following an
unusual accident associated with severe fright but little physical injury
(Mason, 1968b). Subsequently the frequent occurrence of extraordinarily
stressful events just prior to the onset of thyrotoxicosis has been repeatedly
and widely confirmed by many clinical investigators (Mason, 1968b). Bram
(1927), for example, found “a clear history of psychic trauma as the exciting
cause” in 85% of 3,343 cases of exopthalmic goiters, involving exposure to
severe, life-threatening crises, such as fires, earthquakes, shipwrecks, combat,
narrow escapes from accidents, impending surgery or parturition, and most of
all, sudden object loss. In a manner perhaps similar to PTSD, the precipitat-
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ing condition appears to be traumatic stress that only affects a subgroup of
those who are exposed, so that the question is raised of possible predisposing
or risk factors associated with increased vulnerability in certain individuals.
Although the search for particular. personality or psychodynamic factors
linked to susceptibility to hyperthyroidism has produced a substantial litera-
ture with a number of interesting leads (Gibson, 1562), the precise psycho-
endocrine mechanisms underlying the pathogenesis remain to be conclusively
identified. It should also be pointed out that, apart from the observations
relating traumatic stress and thyrotoxicosis. basic psychoendocrine research
has shown that thyroxine levels are elevated in response to a wide variety of
stressful psychological stimuli (Mason, 1975¢).

It has been long recognized that both hyperthyroidism and hypothyroidism
are associated with changes in affective and cognitive functioning and with
clinical symptoms similar to those of psychiatric disorders (Hayward &
Woods, 1931; Whybrow & Hurwitz, 1976). In general, clinical studies have
revealed that hyperthyroidism is often associated with anxiety, tension, and
irritability, while hypothyroid patients often have depressive symptoms, but
these relationships are not consistent in all patients. Psychometric studies
have indicated that the most apparent impairment in thyroid disorders is in
cognitive mechanisms, rather broadly involving the processes of attention,
vigilance, abstraction, memory and intellectual function, sometimes with
delusional and hallucinatory phenomena (Whybrow, Prange & Treadway,
1969; Levander & Rosenquist, 1979). Yet, although such observations of
psychological changes in patients with thyroid disorders are useful, there is a
great need in addition for basic experimental work on the links between
thyroxine and psychological mechanisms in normal human subjects. Less is
known at present of the specific psychological mechanisms related to thy-
roxine than is known concerning any of the other hormones included in our
profile.

Perhaps because of the historical emphasis on glandular disorders of
the thyroid in psychiatry and on a search for undiagnosed thyroid pathology
in psychiatric patients, clinical psychiatric studies have so far also not
yielded much information concerning the specific psychological mechanisms
linked to thyroid regulation (Mason, Kennedy, Kosten, & Giller, 1989). Our
pilot finding that the PTSD and bipolar manic groups share the common
feature of higher thyroxine levels than the other diagnostic groups on hos-
pital admission suggests the possibility that a future search for some com-
mon psychological characteristics shared by these two disorders may shed
light on the clinical psychiatric meaning of thyroxine levels. The observation
in an earlier study of a strong but complex relationship between thyroxine
levels and clinical recovery in psychiatric patients with a broad range of
diagnoses (Southwick, Mason, Giller, & Kosten, 1989) provides additional
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interest for pursuing further study of the thyroid system in PTSD and related
disorders.

It may be important, however, to make a distinction between the “primary™
action of thyroxine upon specific psychological mechanisms versus the
“secondary” clinical symptoms which may in turn develop once thyroxine
levels are elevated. As a hypothetical example, if an effect of a rise in thyroxine
level was to promote enhanced vigilance, the impact of such a rise might be
quite different in a bipolar manic patient as compared to one with endogenous
depression, in terms of the symptom pattern likely to be promoted by an
increased level of vigilance. In any event, it is clear that future studies of the
thyroid system need to include a broader and more sophisticated range of
psychological measurements, including consideration of enduring character
features and cognitive mechanisms as well as affective processes and clinical
symptoms, if we are to develop a deeper understanding of the meaning of
thyroxine levels in psychiatric disorders. It also should be recognized that the
endocrine physiology of the thyroid system is complex and requires that we
move to enlarge our battery of hormonal measures beyond free and total
thyroxine to include thyrotropin, triiodothyronine, and thyroid binding
globulin in order to interpret more accurately the mechanisms underlying
hormonal changes. In spite of the special difficulties presented. however. there
is muchto indicate a very significant role for thyroxine in psychiatric illnesses
and to emphasize the importance of including the thyroid system in future
clinical psychoendocrine studies of PTSD and related psychiatric disorders.

Concluding Comment

As we seek some generalizations and guiding principles from this survey of
our pilot psychoendocrine study of PTSD, some limitations in the work
should first be emphasized. Because of the small number of patients in each
diagnostic subgroup, it is clear that our data must be regarded as preliminary
and in need of further evaluation with larger samples, preferably from region-
ally diverse populations of psychiatric patients. The study involved only male
combat veterans, and the findings obviously cannot be extended directly to
women or to those suffering from exposure to forms of traumatic stress other
than combat without further investigations. Our study also involved only
inpatients willing to be admitted to a VA hospital and may represent a
subgroup that is clinically different in some respects from PTSD patients seen
in psychiatric outpatient clinics, in community outreach centers, in medical or
neurological clinics, or from those refusing medical attention. This possibility
remains to be evaluated in future psychoendocrine studies, as does a fuller
comparison of PTSD patients with other relevant groups, including normal
control subjects, Vietnam combat veterans without PTSD, and psychiatric
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patients with anxiety disorders. Because of increasing concern about relation-
ships between PTSD and character pathology (Brende, 1983; Green, Lindy, &
Grace, 1985), it may also be important to include borderline patients as a
comparison group. There is also a need for more psychoendocrine observa-
tions in PTSD patients at points in time when there are severe acute dis-
turbances in clinical state, in order to study more fully the interaction between
state and trait factors in this disorder and to determine to what degree the
constricted range of clinical and hormonal change in our inpatient sample is
typical in PTSD.

Bearing in mind these limitations, the striking nature of the hormonal
findings in this pilot sample of PTSD inpatients seems sufficiently compelling
to warrant some tentative suggestions about the potential usefulness of psy-
choendocrine strategies in PTSD, the kind of clinical issues which they may
help clarify, and the methodological refinements which may increase the
conclusiveness of findings in the next stage of investigation. The main ra-
tionale for venturing an overview at such an early stage in this work is for a
bridging purpose, to help investigators with a primarily psychological or
social orientation in the traumatic stress field to envision the possible ways
that psychoendocrine collaboration might offer concepts and tools that could
provide new leverage for their own research approaches.

One of the first conclusions suggested by our data is that the hormonal
changes in PTSD are broad ranging, substantial, enduring, and indicate that
there are chronic alterations in either excitatory or inhibitory regulatory
activity in every hormonal system we studied. We presume, incidentally, that
these regulatory influences have a psychological basis, although this assump-
tion will require continuing experimental evaluation. Furthermore, the over-
all hormonal pattern in PTSD is distinctive and clearly opens the way for
exploration of simple descriptive approaches to improved differential diag-
nosis of PTSD, using multidimensional methods which promise up to 95%
correct classification accuracy in our unpublished pilot work. Another impor-
tant potential at the descriptive level for the hormonal profile is the possibility
that it may prove useful in the differentiation of subtypes of PTSD, as
suggested particularly by our preliminary experience with multidimensional
scaling using a profile of five hormones. Such a contribution would have not
just theoretical value, but could facilitate work on this disorder in a general,
practical way by providing an objective basis for reducing the heterogeneity of
PTSD patient samples for clinical and research purposes.

Inadditionto diagnosis and subtyping strategies, it appears that the altered
hormonal profile may also have more long-term applications to the study of
the nature and pathogenesis of PTSD and related clinical issues. In pursuing
this application, attention is focused on the meaning of the changes in each
hormonal system, and especially on the nature of the excitatory or inhibitory
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psychological mechanisms which may be producing the hormonal change,
and then, in turn, on the modulating effect that the altered hormonal level may
have upon psychological mechanisms. Hopefully, the above survey of our
hormonal findings and the suggestions concerning their possible interpreta-
tion has conveyed the concept that the hormonal measures are not regarded in
our approach as independent biological measures providing an alternative or
substitute for psychosocial investigation of the pathogenesis and nature of
traumatic stress disorders, but rather as providing toals to assist the psycho-
social investigator in this task.

Relating our present data to the prior psychoendocrine literature on stress
has suggested a number of tentative hypotheses for future testing concerning
the kinds of psychological mechanisms which may be associated with altered
levels of specific hormones in PTSD. Included among the examples con-
sidered earlier are the possibilities of paranoid adaptations being linked to low
cortisol and high testosterone levels, of anger directed outwardly or perhaps
hypervigilance being linked to high norepinephrine levels, and of denial or
closely related defense mechanisms being linked to low cortisol levels. It is
interesting that most of the hypotheses emerging from our pilot study involve
enduring character traits or styles rather than transient emotional states or
acute symptoms, perhaps in keeping with the increasing recognition in mod-
ern psychoendocrine research that hormonal levels are much more strongly
related to psychological trait factors than was originally suspected. The
further testing of such hypotheses clearly will require valid and reliable
methods for assessing these psychological variables, preferably including
global clinical assessments which consider multiple interacting social and
psychological factors in a dynamic and penetrating way. Substantial rigor and
reliability can be attained in such assessments’by the use of multiple observers,
interobserver reliability, and by the powerful strategy of using predictive or
prospective approaches once hypotheses are established by pilot observations
(Wolff, Hofer, & Mason, 1964). The relationships between changes in psycho-
logical states and specific hormone levels also need further study. In this case,
the use of laboratory settings involving exposure to appropriate stressful
stimuli and of intensive longitudinal studies of selected patients by ex-
perienced and sensitive clinical observers may prove especially productive.

If specific hormones increasingly prove capable of providing valid and
reliable indices closely linked to certain psychological dimensions, including
cognitive as well as emotional processes, and especially those that often
appear in subtle, disguised or covert forms. then the rigor and depth of
traumatic stress investigation could be significantly strengthened. It is clear,
however, that accurate knowledge of the relationships between specific hor-
mones and specific psychological dimensions is a crucial foundation for this
clinical psychoendocrine approach and that greater priority must be given in
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the future to developing improved research strategies in this area. The union
of traumatic stress research with psychoendocrine research seems to have a
natural, deep logic in its favor and it seems quite likely that the continuation
and strengthening of this union could very well prove to have significant

mutual benefits for both fields.
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